Background and Objective: Post-operative nausea and vomiting (PONV) is a common adverse effect of the anesthesia in laparoscopic surgery. Ondansetron has been used for prevention and treatment of the PONV. The purpose of the present study was to compare the effects of preemptive and preventive intravenous ondansetron on PONV in patients undergoing diagnostic gynecologic laparoscopy. Materials & Methods: In a randomized double-blind clinical trial, 80 women candidate of diagnostic laparoscopy, were enrolled to study in two preemptive or preventive groups (n = 40). Ondansetron 4 mg IV was administered 5 min before anesthesia induction or 5 min before extubation in preemptive or preventive groups, respectively. The frequency and severity of the PONV were compared at post-anesthetic care unit (PACU), 3th, 6th and 24th postoperatively in two groups. Also the first time of need for the antiemetic drug was studied. Results: Demographic data were similar but duration of anesthesia was shorter in preventive group. The PONV rate was similar in two groups [(37.5% and 32.5% in preemptive and preventive groups, respectively (P = 0.815)]. In preemptive group it was more intense at PACU and 24 hours after surgery (P-value <0.05) and rate of vomiting was high (11 vs. 3, P-value 0.037). The first request for antiemetic drug was earlier and the antiemetic consumption dose (P-value <0.05), recovery and hospital stay times were high in preemptive group (P-value = 0.001). Conclusion: Preventive ondansetron is more effective than preemptive form, in reducing the severity of PONV but not rate of the PONV in diagnostic gynecologic laparoscopy.
Introduction
Diagnostic laparoscopy is generally performed on patients with inexcusable infertility following unsuccessful treatment [1] . Post-operative nausea and vomiting (PONV) is a typical complication following surgery, especially a laparoscopic one. Nausea, vomiting, or retching within the first 24 -48 hours of surgery, is commonly referred to as PONV [2] . The incidence of PONV is approximately 20% -30%, able to reach 70% after laparoscopic surgeries [3] . Female gender is one of the strongest predictors of PONV [4] . It has been reported that the incidence of PONV following gynecologic laparoscopic procedure is around 52% -92% [5] .
PONV entails a myriad of complications such as dissatisfaction, discomfort, acid-base disturbance, dehydration, electrolyte imbalance, high blood pressure, intraocular and/or intracranial pressures, tachycardia, late convalescence, prolonged hospital stay and the concomitant increase in costs [5] [6] [7] . Patients at risk of developing PONV have to receive prophylactic doses of antiemetic drugs [8] . One of the best methods for the prevention of PONV is to preemptively or preventively administrate prophylactic antiemetic drugs. These drugs are, more often than not, expensive and bring about certain adverse effects, hence the fact that the chosen drug must have minimal side effects and the ability to reduce nausea and vomiting [9] [10]. Ondansetron is a 5-hydroxytryptamine receptor (5-HT) antagonist with confirmed anti-nausea and anti-vomiting effects which does not result in sedation, euphoria, restlessness, dryness of mouth, tachycardia, mydriasis, and urine retention, and does not have extra pyramidal side effects [11] . The prophylactic dose of ondansetron is 4 mg, its onset time is 10 min; its pick effect is 15 -30 min following injection and its duration of action is 4 -8 h. The most common side effects reported for ondansetron are headache, diarrhea and allergic reactions [7] .
The dose, time and method of administrating such antiemetic drugs as ondansetron are very important when preventing PONV. The present study was, therefore, designed to appraise and compare the effects of single-dose preemptive (pre-operative) with preventive (at the end of surgery or procedure) ondansetron on PONV in patients undergoing diagnostic gynecologic laparoscopy.
Materials and Methods

Patients
This randomized, double-blind clinical trial was approved by the Local Institute Ethics Committee of Tabriz University of Medical Sciences and registered in Iranian Registration Clinical Trial Center (www.irct.ir) as IRCT201402037013N9. Written consent forms were obtained from all enrolled patients. Our population included women who, due to infertility, referred to Al-Zahra Teaching Hospital of Tabriz for diagnostic laparoscopy under general anesthesia, from February 2014 to October 2014. In a simple sampling method and based on the previously reported prevalence of 18.2% and 44.4% for nausea and vomiting [12] , α = 0.05, power =0.8, effect size =0.3 and drop up =0.1, a total of 80 patients were included.
All ASA I women with aged 20 -40 years and history of infertility, who were candidate of elective diagnostic gynecologic laparoscopy, after obtaining informed consent, were enrolled to the present study. Exclusion criteria were women apart from ASA I, lack of informed consent, patients with vaginal bleeding, recent use of steroids, narcotics and antiemetic drugs, history of cardiovascular, pulmonary, renal and endocrine diseases, history of motion sickness, gastrointestinal diseases, pregnancy and body mass index (BMI) of higher than 30 kg/m 2 . Making use of Rand-list software, patients were randomly divided into preemptive and preventive groups, each comprised of 40 subjects.
Interventions
The preemptive group received 4 mg ondansetron 5 min prior to the induction of general anesthesia. In the preventive group, the same dose was administered 5 min before extubation. After preoxygenation, all patients underwent intravenous anesthesia in the following sequence of injections: 0.05 mg/kg midazolam, 2 µg/kg fentanyl, and 2 mg/kg propofol. The airway managed with appropriate sized laryngeal mask airway (LMA). Anesthesia was maintained through the propofol infusion of 50 -150 µg/kg/h and 0.2 -0.3 mg/kg atracurium. Mechanical ventilatory support was employed so as to maintain of the end-tidal CO 2 pressure (Et CO 2 ) with 35 ± 5 mmHg. The patient monitoring was performed via pulse oximetry, non-invasive blood pressure check, electrocardiography and capnography. Abdominal insufflations with CO 2 were conducted with an intraabdominal pressure less than 14 mmHg. At the end of the operation, the intraabdominal gas was released and ports of Laparoscopy were removed. Furthermore, residual neuromuscular blockage was appropriately reversed and LMA was removed.
Monitoring
Patients were monitored, in the post anesthesia care unit and also at 3, 6, and 24 hours after operation, for the presence of the nausea and/or vomiting. The intensity of the PONV was classified as: 0: without PONV, 1: nausea, 2: vomiting and 3: vomiting more than 2 times [13] . In addition, the incidence of PONV, the first time there was need for antiemetic drugs and their total dose were recorded.
With PONV score ≥ 2, we used 5 mg metoclopramide IV for antiemetic regimen. Two surgeons were responsible for laparoscopy. Two anesthesiologists were responsible for the monitoring and anesthetic management of patients, while another, oblivious to the time of ondansetron administration (preemptive and preventive), recorded patient's information and completed the checklist. Vomiting was defined as either vomiting (expulsion of stomach contents) or retching (an involuntary attempt to vomit, yet with no expulsion of stomach contents). Nausea was defined as the unpleasant sensation associated with the awareness of the urge to vomit [14] . The side effects of ondansetron such as headache, dizziness, allergic reactions, constipation and muscular pain were further assessed.
Also recorded were the operation period from the first incision to the last suture, anesthesia time from the injection to LMA removal, recovery period from the operation room discharge to recovery room discharge, and hospitalization time from the end of anesthesia to discharge from hospital.
Statistical analysis
All data were processed using SPSS version 17. Quantitative variables were reported as mean ± SD and analyzed utilizing two independent sample t tests. Qualitative variables were reported as frequency (percentage) and analyzed using chi-square test. P-value < 0.05 was considered as a significant difference.
Results
All patients completed the study. Demographic data and duration of the surgery were similar in two groups but the duration of anesthesia was shorter in preventive group (Table 1) . Table 2 illustrates the frequency and intensity of PONV at the times of recovery and hospital stay. The Results shows that comparing to preemptive method, the preventive ondansetron reduced PONV only by 5% and indeed the PONV rate was similar in two groups [(37.5% and 32.5% in preemptive and preventive groups, respectively (P = 0.815)]. However PONV generally was more intense in the preemptive group at the PACU and 24 hours after surgery (P-value < 0.05) and rate of vomiting was high in preemptive group (11 vs. 3 episodes, P-value = 0.037). The total consumed antiemetic dose as metoclopramide was 100 and 75 mg in preemptive and preventive groups, respectively. The first request for antiemetic drug was earlier in preemptive group (6.42 ± 2.69 vs. 8.01 ± 3.14 hrs, P-value < 0.05) and the antiemetic consumption dose as mg/person was high in preemptive group (2.5 ± 0.32 vs. 1.75 ± 2.6 mg, P-value < 0.05). Both recovery and hospital stay times were high in preemptive group (P-value = 0.01). No adverse effect was seen in the any patient (Table 2) .
There was No any difference between different age groups in the preemptive or preventive groups. Figure 1 shows the trend of the PONV intensity in the preemptive and preventive groups. The PONV was more intense in the preemptive group at the PACU and 24 hours after surgery. 
Discussion
PONV is one of the most unpleasant experiences and among the most common reasons for patients' dissatisfaction post operation, hence the significance of prophylactic strategy. In the present study, we focused on the beneficial effects of IV ondansetron on the prevention of PONV after diagnostic gynecologic laparoscopy. Various studies have shown the positive effects of ondansetron on PONV. However, there exist few studies as to the most propitious time the on- dansetron should be prescribed. We found that preventive administration of ondansetron entails a better outcome compared with its preemptive injection.
Panda et al. reported that administration of 4 mg ondansetron 30 minutes
prior the end of surgery lowered nausea and vomiting by 28% in 100 patients after general anesthesia [15] . In another study, Isik and colleagues compared the antiemetic effects of 1 g dexamethasone and 4 mg ondansetron on 60 patients 24 h after operation, where it was found that the rate of nausea and vomiting and the amount of drug used in ondansetron group were significantly lower than the dexamethasone group. The cost of administering ondansetron, on the other hand, was higher in comparison to dexamethasone [16] . Wang et al. evaluated the results of different studies, with a total of 608 patients, in a systematic review to compare the effects of dexamethasone and ondansetron as regards preventing PONV in patients undergoing laparoscopic surgery. They reported that dexamethasone was as effective and safe as ondansetron in preventing PONV [17] .
Hartsell et al. studied the antiemetic effects of ondansetron in patients with craniotomy where they found that administering ondansetron, rather than placebo, prior to extubation could decrease the need for antiemetics [18] . In line with the fore going studies, the present research indicated that employing ondansetron preventively decreases the required dose (70 vs. 100 mg) and increases the first request time (from 6.42 ± 2.69 to 8.01 ± 3.14 hrs) of antiemetic drugs in comparison with preemptive approaches. In addition, we found that the total rate of PONV after injecting ondansetron was 32.5% or 37.5%, which is close to the rate found in Wang et al., with the data of seven previous studies [13] [17]
[19]- [24] .
Sarkar et al. reported that the use of ondansetron in a preemptive route exerted higher effects on PONV after laparoscopic surgery and, during the first 24
hrs, decreased the vomiting rate more than metoclopramide [25] . In a recent study, Bataile and colleagues found that PONV, during the first 24 hours, occurred in 45% of patients who received 4 mg intravenous dexamethasone after tracheal intubation and 4 mg ondansetron during skin closure, which was lower than the placebo group. Nevertheless, the number of patients who suffered from severe PONV and required rescue antiemetic drugs was similar in both groups.
They concluded that combining dexamethasone and ondansetron was not effective in precluding (severe) PONV [26] . In accordance with all the previous reports, except for Bataile et al., we found that administering ondansetron reduced the incidence of PONV score ≥ 2 throughout the first 24 hr postoperatively. In our study, the reduction in nausea, vomiting and PONV scores in the first hour after the operation was more than the following hours, the most effective time being recovery period in PACU. Administration before extubation significantly reduced the recovery period and hospital stay. In the present research, the anesthesia time was shorter in the preventive group than in the preemptive group.
Assuming that the surgery time is more than an hour to be listed as a risk factor for PONV, it seems that the difference in that time did not affect the final results.
The ondansetron showed no adverse effects in either methods of administration. Despite the beneficial effects of dexamethasone on PONV, it has been reported that an intravenous bolus dose of dexamethasone could induce vaginal itching and anal inflammation [27] Other antiemetic drugs such as antihistamines, metoclopramide, and droperidol bring certain side effects such as hypotension, xerostomia, dysphoria, hallucination and extra pyramidal symptoms [11] [13].
Accordingly, the results suggest that ondansetron administration before extubation has better clinical outcomes than before anesthesia, a fact that can be associated with the pharmacokinetic and pharmacodynamic characteristics of the drug. Owing to the rapid (10 min) onset of intravenous ondansetron, and the peak effect time which is around 15 -30 minutes after injection, the findings of our study can justify the reduction in the incidence of PONV in PACU and the reduction of severe cases, the reduced recovery and subsequent decrease in the dose of antiemetic request and hospital stay.
Conclusion
In conclusion, the preventive IV ondansetron is more effective than preemptive ondansetron in reducing the severity of PONV in diagnostic gynecologic laparoscopy; however the rate of the PONV may not be affected. This method of administration may also decrease the antiemetic consumption dose as mg/person. This preventive method may also shorten the recovery and hospital stay periods.
